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(57) ABSTRACT

A magnetic medium is magnetized in the relative movement
direction at a predefined pitch km and a magnetic sensor
includes plural magnetoresistive elements whose electrical
resistance value changes depending on a magnetic field at a
place where the magnetoresistive element is disposed. A posi-
tion where the magnetoresistive element is disposed is
defined as a reference position and, in addition to the magne-
toresistive element of this reference position, the magnetore-
sistive elements as harmonic reducing patterns are disposed at
the following positions, with P(n) defined as the n-th prime: a
position offset by Am/(2-P(n)) from the reference position
toward at least one side of the relative movement direction,
wherein Nzn>1 and N is a natural number satisfying N>3,
and a position further offset by Am/(2-P(L.+1)) from a position
offset by Am/(2-P(L)), wherein 1<L.<N.
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1
ENCODER

TECHNICAL FIELD

The present disclosure relates to an encoder and particu-
larly relates to reduction of harmonics.

BACKGROUND

An encoder of a magnetic system is known that uses a
magnetic medium in which N-poles and S-poles are so dis-
posed as to alternately line and detects the amount of move-
ment by detecting change in the leakage magnetic field from
a magnetic medium by a magnetic sensor that moves relative
to this magnetic medium (Patent Document 1).

The detection accuracy of this encoder becomes higher as
apitch A at which the magnetization direction is made difter-
ent is set shorter. However, when the pitch A is set short, the
leakage magnetic field from the magnetic medium surface
becomes small. Thus, it becomes difficult to obtain a suffi-
cient output signal unless the magnetic sensor is brought so
close to the magnetic medium as to get contact with the
magnetic medium and slide thereon.

An example of the output signal when the magnetic sensor
moves on the magnetic medium is shown in FIG. 15A. When
this signal is represented with orders of included signal com-
ponents, as shown in FIG. 15B, signals of odd-order harmon-
ics are included besides the primary signal (fundamental)
originally required. Although the component of the harmonic
becomes smaller as the order thereof becomes higher, the
detection accuracy of the signal deteriorates due to this har-
monic in some cases. In a certain example, when the ampli-
tude of the primary signal (fundamental) is defined as 100%,
the amplitudes of harmonics are as follows: the amplitude of
the third-order harmonic is 30% of the amplitude of the fun-
damental; the amplitude of the fifth-order harmonic is 10% of
the amplitude of the fundamental; and the signal of the sev-
enth-order harmonic is 5% in turn.

Conventionally, in order to cancel such harmonics, as
shown in FIG. 16, a harmonic cancelling pattern for cancel-
ling out the harmonics is provided at a position offset from a
first magnetoresistive element as a magneto-sensitive ele-
ment by a predetermined distance (A/(2n) in the case of the
n-th-order harmonic, wherein A is the magnetization pitch of
the magnetic medium). Specifically, in Patent Document 2, an
example of a position detector that reads position information
whose cycle changes with a fundamental wavelength A writ-
ten to a scale by a magnetic sensor is disclosed. The magnetic
sensor includes first, second, and third magnetoresistive ele-
ments that output the position information by a predeter-
mined signal, and the second and third magnetoresistive ele-
ments are disposed on both sides of the first magnetoresistive
element at an interval d and are connected in series. In this
example, based on the idea that the n-th-order harmonic is
canceled by satisfying a condition of r+2 cos(2nmtd/A)=0 (n is
an odd number equal to or larger than 3) when the ratio of the
outputs of the first magnetoresistive element and the second
and third magnetoresistive elements is r, the output ratio r of
the respective magnetoresistive elements is adjusted.

In Patent Document 3, an example is disclosed in which
MR elements are used as magnetoresistive elements and the
MR elements are disposed with offset of positions by an
interval of (n/2+m/(2k))xA, wherein the pitch of NS of the
signal magnetic field is A, nis an integer, m is an odd number,
and the order of the harmonic is k (e.g. a configuration of FIG.
14 intended to cancel the seventh-order harmonic). However,
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in this Patent Document 3, no disclosure is made about the
spin-valve GMR element. The MR element is referred to also
as the AMR element.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Patent Laid-open No. 2007-
121253

Patent Document 2: Japanese Patent Laid-open No. Hei
10-185507

Patent Document 3: Japanese Patent No. 2529960 (Japanese
Patent Laid-open No. Sho 63-225124)

SUMMARY

So far, to achieve a higher resolution of the encoder, the gap
between the magnetic medium and the magnetic sensor needs
to be set extremely small, and they need to be so used as to be
made to slide depending on the case. That the magnetic
medium and the magnetic sensor are brought close to each
other means that the sensor output greatly varies easily with
respect to the offset distance, and causes concern that the
degree of freedom of the device design would be reduced.
Furthermore, in the case of using a magnetic scale (magnetic
medium) that is long in the relative movement direction, if the
magnetic sensor is moved over a long distance with the con-
tact state kept, large torque is necessary for the drive device
(motor or the like) due to frictional resistance. Thus, it is
difficult for a small-size motor to deal with it, and this pre-
cludes downsizing of the device.

The present disclosure is devised in view of the above-
described circumstances and one of objects thereof is to pro-
vide an encoder that allows a magnetic medium and a mag-
netic sensor to be opposed with the intermediary of a gap and
can enhance the detection accuracy of the amount of move-
ment.

The disclosure to solve the problems of the above-de-
scribed conventional example is an encoder including a mag-
netic medium and a magnetic sensor that is opposed to the
magnetic medium with the intermediary of a gap and moves
relative to the magnetic medium. The magnetic medium is
magnetized in the direction of the relative movement at a
pitch Am. The magnetic sensor includes a plurality of mag-
netoresistive elements whose electrical resistance value
changes depending on a magnetic field at a place where the
magnetoresistive element is disposed. A position where the
magnetoresistive element is disposed is defined as a reference
position and, in addition to the magnetoresistive element of
the reference position, the magnetoresistive elements as har-
monic reducing patterns are disposed at the following posi-
tions, with P(n) defined as an n-th prime, wherein n=1, 2,
3...,i.e.nis anatural number: a position offset by Am/(2-P
(n)) from the reference position toward at least one side of the
direction of the relative movement in plan view, wherein
Nzn>1 and Nis a natural number; and a position further offset
by Am/(2-P(L+1)) from a position offset by Am/(2-P(L)) from
the reference position toward at least the one side of the
direction of the relative movement in plan view, wherein P(L)
is an L-th prime and L. is a natural number satistying 1<[L.<N.

Advantageous Effect
According to the present disclosure, harmonics included in

the output of the magnetic sensor can be reduced. Further-
more, the magnetic medium and the magnetic sensor are
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allowed to be opposed with the intermediary of a gap and the
detection accuracy of the amount of movement can be
enhanced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an explanatory diagram showing the outline of an
encoder according to an embodiment of the present disclo-
sure.

FIG. 2 is an explanatory diagram showing a configuration
example of a magnetoresistive element in the encoder accord-
ing to the embodiment of the present disclosure.

FIG. 3 is an explanatory diagram showing one example of
the arrangement of the magnetoresistive elements in the
encoder according to the embodiment of the present disclo-
sure.

FIG. 4 is an explanatory diagram showing a method for
deciding the disposing positions of the magnetoresistive ele-
ments in the encoder according to the embodiment of the
present disclosure.

FIG. 5A is an explanatory diagram showing other
examples of the arrangement of the magnetoresistive ele-
ments in the encoder according to the embodiment of the
present disclosure.

FIG. 5B is an explanatory diagram showing other examples
of the arrangement of the magnetoresistive elements in the
encoder according to the embodiment of the present disclo-
sure.

FIG. 6A is an explanatory diagram showing a wiring
example of the magnetoresistive elements in the encoder
according to the embodiment of the present disclosure.

FIG. 6B is an explanatory diagram showing a wiring
example of the magnetoresistive elements in the encoder
according to the embodiment of the present disclosure.

FIG. 7 is an explanatory diagram showing an example in
which the magnetoresistive elements in the encoder accord-
ing to the embodiment of the present disclosure are disposed
in multiple layers.

FIG. 8 is an explanatory diagram showing another example
in which the magnetoresistive elements in the encoder
according to the embodiment of the present disclosure are
disposed in multiple layers.

FIG. 9A is an explanatory diagram showing an example of
components of a signal output by the encoder according to the
embodiment of the present disclosure.

FIG. 9B is an explanatory diagram showing an example of
components of a signal output by the encoder according to the
embodiment of the present disclosure.

FIG. 9C is an explanatory diagram showing an example of
components of a signal output by the encoder according to the
embodiment of the present disclosure.

FIG. 9D is an explanatory diagram showing an example of
components of a signal output by the encoder according to the
embodiment of the present disclosure.

FIG. 10 is an explanatory diagram showing an example of
decision of the disposing positions of the magnetoresistive
elements as harmonic reducing patterns in the encoder
according to the embodiment of the present disclosure.

FIG. 11 is another explanatory diagram showing an
example of decision of the disposing positions of the magne-
toresistive elements as the harmonic reducing patterns in the
encoder according to the embodiment of the present disclo-
sure.

FIG. 12 is an explanatory diagram showing further another
example of the arrangement of the magnetoresistive elements
in the encoder according to the embodiment of the present
disclosure.
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FIG. 13A is an explanatory diagram showing another
example of decision of the disposing positions of the magne-
toresistive elements as the harmonic reducing patterns in the
encoder according to the embodiment of the present disclo-
sure.

FIG. 13B is an explanatory diagram showing another
example of decision of the disposing positions of the magne-
toresistive elements as the harmonic reducing patterns in the
encoder according to the embodiment of the present disclo-
sure.

FIG. 14 is an explanatory diagram showing further another
example of the arrangement of the magnetoresistive elements
in the encoder according to the embodiment of the present
disclosure.

FIG. 15A is an explanatory diagram showing an example
of'an output signal of a magnetic encoder.

FIG. 15B is an explanatory diagram showing an example of
an output signal of a magnetic encoder.

FIG. 16 is an explanatory diagram showing an arrangement
example of magnetoresistive elements in the magnetic
encoder.

DESCRIPTION OF EMBODIMENTS

An embodiment of the present disclosure will be described
with reference to the drawings. As exemplified in FIG. 1, an
encoder according to the embodiment of the present disclo-
sure is so configured as to include a magnetic medium 10 and
a magnetic sensor 20. Furthermore, as exemplified in FIG. 2,
the magnetic sensor 20 includes a base 21, a magneto-sensi-
tive element 22, and a wiring part 23. This magneto-sensitive
element 22 is disposed on the base 21 and includes e.g. plural
spin-valve (SV) giant magnetoresistive (GMR) elements.
Hereinafter, the spin-valve giant magnetoresistive element is
referred to as the SVGMR element. As shown in FIG. 2, this
SVGMR element is an element having a multilayer structure
of a pinned layer 31, a non-magnetic intermediate layer 32,
and a free layer 33. In the present embodiment, these mag-
netic medium 10 and magnetic sensor 20 have planes (XZ
planes) opposed with the intermediary of a gap and relatively
move in a predetermined direction (hereinafter, referred to as
the relative movement direction). Due to the intermediary of
the gap, the magnetic medium and the magnetic sensor are in
non-contact. The encoder is not limited to the linear encoder
and may be a rotary encoder.

As shown in FIG. 1, the magnetic medium 10 is made by
disposing magnetic medium elements 11 on one row. This
magnetic medium element 11 is so magnetized that the direc-
tion of the relative movement with the magnetic sensor 20
(hereinafter, referred to simply as the movement direction)
and the magnetization direction are parallel. That is, the direc-
tion in which it is magnetized is the magnetization direction.
The magnetic medium 10 is obtained by disposing the mag-
netic medium elements 11 on one row in such a manner that
the same poles face each other in the magnetic medium ele-
ments 11 adjacent to each other. That is, the magnetic medium
elements 11 adjacent to each other are magnetized in direc-
tions opposite to each other and are so disposed that order
of ... N-S, S-N, N-S, . . . is set along the movement direction
as a whole. This provides the state in which the magnetic
medium elements 11 magnetized in directions opposite to
each other are disposed alternately and on one row at a con-
stant pitch Am in the magnetic medium 10 of the present
embodiment. This pitch Am is set longer compared with an
encoder in which the magnetic medium 10 and the magnetic
sensor 20 relatively move in contact.
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As exemplified in FIG. 2, the SVGMR element is an ele-
ment including the pinned layer 31 in which the magnetiza-
tion direction is pinned, the free layer 33 in which the mag-
netization direction changes depending on an external
magnetic field, and the non-magnetic intermediate layer 32
provided between these pinned layer 31 and free layer 33.
Furthermore, when either the free layer 33 or the pinned layer
31 is located on the surface side, a protective layer (cap layer)
34 may be provided on the surface side.

In this pinned layer 31, the magnetization direction is
pinned to a predefined direction. The present embodiment is
based on the assumption that it is magnetized in the direction
of the relative movement with respect to the magnetic
medium 10 (hereinafter, referred to as the movement direc-
tion).

The SVGMR element according to a certain aspect of the
present embodiment is fabricated by using DC magnetron
sputtering apparatus. Specifically, it is made by stacking thin
films in the following order over e.g. a glass substrate serving
as the base: underlying layer (NiFeCr (3 nm)/NiFe (1 nm))/
antiferromagnetic layer (MnPt (14 nm))/pinned layer (CoFe
(1.8 nm)/Ru (0.9 nm)/CoFe (2.2 nm))/non-magnetic interme-
diate layer (Cu (2.1 nm))/free layer (CoFe (1 nm)/NiFe (3
nm))/back layer (Cu (0.6 nm))/protective layer (Ta (3 nm))
(numeral in brackets denotes the film thickness).

The pinning method of the magnetization direction of the
pinned layer 31 and a method for giving anisotropy to the free
layer 33 to enhance the magnetic characteristics are widely
known and therefore detailed description thereofhere is omit-
ted. As such a SVGMR element, e.g. one described in Japa-
nese Patent Laid-open No. 2007-285805, Japanese Patent
Laid-open No. 2008-306112, or Japanese Patent Laid-open
No. 2010-112881 can be used. Furthermore, a spin-valve
giant magnetoresistive element of a tunnel junction type
using a non-magnetic insulating layer as the non-magnetic
intermediate layer may be used.

In the present embodiment, the following process is carried
out in order to obtain the magnetic sensor 20. First, on the
base 21, a multilayer structure including the pinned layer 31,
the non-magnetic intermediate layer 32, the free layer 33, and
the protective layer 34 as described above is formed. There-
after, a resist mask with a desired element shape is fabricated
on this multilayered film by photolithography and ion milling
by use of an argon ion or the like is performed to form a
pattern configuring the magnetic sensor 20. In the pattern of
the magnetic sensor 20, the wiring part 23 is formed by
patterning a multilayer structure similar to the magnetoresis-
tive element. However, the width of this wiring part 23 is set
larger compared with the magnetoresistive element in order
for the wiring part 23 not to operate as the magnetoresistive
element. Due to this, the wiring part 23 is so made as not to act
as a resistor but to act as wiring. Furthermore, wiring for
forming a bridge circuit by connecting patterns (basic pat-
terns) that are so formed as to include plural SVGMR ele-
ments and wiring parts 23 with each other is formed by using
a metal thin film of e.g. Cu, Al, etc. Moreover, the wiring for
the connection among these magnetoresistive elements, wir-
ing parts 23, and basic patterns may be covered by an insula-
tor. This insulator may be formed by using a general insulat-
ing material such as aluminum oxide (Al,O;) or silicon oxide
(Si0,).

As shown in FIG. 3, one example of the pattern (basic
pattern) of the magnetic sensor 20 of the present embodiment
forms a meander shape as a whole. Specifically, it includes a
detecting element pattern including a magnetoresistive ele-
ment 51 extending along the direction perpendicular to the
movement direction and harmonic canceling patterns
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6

52a, b . ..connected in series to this magnetoresistive element
51, and is made by interconnecting them by the wiring part
23. Here, the harmonic canceling pattern 52 is also a magne-
toresistive element. The magnetoresistive element of this har-
monic canceling pattern 52 is also formed similarly to the
magnetoresistive element 51. In the case of usinga SVGMR
element as the magnetoresistive element, a signal cycle As is
in a relationship of As=2xAm with respect to the magnetiza-
tion pitch Am. These detecting element pattern and harmonic
canceling pattern function as a position detector 50.

If the magnetoresistive element is an AMR element or a
multilayer GMR element, As=Am holds. The AMR element is
corresponding to a magnetoresistive element formed by a
single-layer film. The multilayer GMR element is corre-
sponding to a magnetoresistive element obtained by repeat-
edly stacking non-magnetic layers and magnetic layers alter-
nately a large number of times.

In the present embodiment, the position of one end of the
magnetoresistive element 51 in the width direction (here,
defined as the end opposite to the disposing direction) is
defined as a detection position C. Furthermore, in the present
embodiment, this detection position C is deemed as the ref-
erence position and the plural harmonic canceling patterns 52
are disposed in accordance with the following rule. Specifi-
cally, the state in which the detecting element pattern is dis-
posed is deemed as the initial state and defined as a first stage
(i=1; hereinafter i is a natural number). Then, in addition to
the detecting element pattern and the harmonic canceling
pattern 52 disposed by the relevant stage, magnetoresistive
elements of the new harmonic canceling patterns 52 are each
disposed at a position of Am/(2-P(i+1)) from at least one of
these other magnetoresistive elements already disposed in the
relative movement direction in plan view. Here, P(n) means
the n-th prime. That is, P(i+1) means the (i+1)-th prime.
Specifically, in the case of i=1, i+1 is “2” and the second
prime is “3.” Therefore, the position of the magnetoresistive
element of the harmonic canceling pattern 52 is a position of
Am/6 from another magnetoresistive element in the relative
movement direction in plan view. Because the SVGMR ele-
ment is used here, from the relationship of As=2xim, the
magnetoresistive element at this position of Am/6 serves as a
canceling pattern of the third-order harmonic.

The description of “in plan view” means that variation in
the thickness direction may be present at an ignorable level
with respect to the distance from this reference position (Am/
(2-P(i+1))). The description of “in the relative movement
direction” means that the magnetoresistive element may be
disposed with an offset in the direction perpendicular to the
relative movement direction in plan view.

At the first stage, because only the detecting element pat-
tern is present, the detection position C is defined as the
reference position and one harmonic canceling pattern 52 is
disposed at a position offset from this reference position by
Am/6 on predefined either one side (hereinafter, referred to as
the disposing side) of the relative movement direction (S1 in
FIG. 4). Because the SVGMR element is used here, the rela-
tionship of As=2xAm holds. The magnetoresistive element
disposed at a position offset from this detection position C by
Am/(2-P(i+1)) toward the disposing side of the relative move-
ment direction works as a pattern to cancel the P(i+1)-th
harmonic. Hereinafter, the magnetoresistive element dis-
posed at the position offset from the detection position C by
Am/(2-P(i+1)) will be referred to as the P(i+1)-th harmonic
canceling pattern. The harmonic canceling pattern 52a dis-
posed at this first stage therefore serves as a third-order har-
monic canceling pattern.
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This is followed by repetition of setting of the disposing
position of the next respective stages with increment of i one
by one until i becomes predefined N. Specifically, at the i-th
stage, magnetoresistive elements of the new harmonic can-
celing patterns 52 are disposed at a position of Am/(2-P(i+1))
(wherein P(n) is the n-th prime. That is, a position of Am/6 in
the case of i=1) from the magnetoresistive elements of the
detecting element pattern and the harmonic canceling pattern
52 disposed by this stage (from S2 to S4 in FIG. 4).

According to this, at the second stage, each one of the
harmonic canceling patterns 525 and c is disposed at a posi-
tion of Am/10 from the detecting element pattern toward the
disposing side and a position of Am/10 from the third-order
harmonic canceling pattern toward the disposing side, respec-
tively. They serve as fifth-order harmonic canceling patterns.

Furthermore, at the third stage, each one of harmonic can-
celing patterns 524, ¢, f, and g is disposed at total four posi-
tions, i.e. a position of Am/14 from the detecting element
pattern toward the disposing side, a position of Am/14 from
the third-order harmonic canceling pattern toward the dispos-
ing side, and each of positions (two positions) of Am/14 from
a respective one of the two fifth-order harmonic canceling
patterns toward the disposing side, respectively. They serve as
seventh-order harmonic canceling patterns. Harmonics that
are not on the prime order among odd-order harmonics have
an odd divisor smaller than their own selves and therefore are
canceled by the effect of the harmonic canceling pattern
corresponding to the order of this divisor. For example, the
ninth-order harmonic is canceled by the third-order harmonic
canceling pattern corresponding to the third order, which is an
order of an odd divisor smaller than 9. Therefore, the ninth-
order harmonic canceling pattern does not necessarily need to
be provided in the present embodiment (it may be provided
daringly). Although FIG. 4 shows an example in which pat-
terns up to the seventh-order pattern are disposed, harmonic
canceling patterns of orders higher than it may be disposed.

In the present embodiment, the harmonic canceling pat-
terns 52 disposed by this method and the detecting element
pattern are folded back into a meander shape and are con-
nected to provide a pattern of the magnetic sensor 20. The
magnetic sensor 20 in the present embodiment has at least one
basic pattern defined in this manner.

Furthermore, the numbers of detecting element patterns
and respective harmonic canceling patterns included in the
basic pattern here each do not need to be one, and the basic
pattern may be obtained by combining m magnetoresistive
elements into a set for each of the patterns. In FIG. 5A and
FIG. 5B, disposing examples of the respective patterns in the
cases of m=2 and m=3 are shown.

In the present embodiment, the position detector 50 exem-
plified in FIG. 3 or FIG. 5A or FIG. 5B may be used as the
basic pattern and a pattern obtained by disposing plural pat-
terns of this basic pattern at intervals of (L+%2)Am (wherein L
is 0 or a positive integer) and connecting the patterns in series
may be formed.

Specifically, in an example of FIG. 6A, an example of a
detecting circuit using the basic pattern that is the repetition
unit exemplified in FIG. 3 is shown. As this basic pattern,
instead of one exemplified in FIG. 3, another pattern such as
one exemplified in FIG. 12 or FIG. 14 may be employed. In
FIG. 6A, 60a and b are disposed along the movement direc-
tion at an interval of Am/2. A terminal T11 of the basic pattern
60a on one side of the movement direction (left side of the
diagram) is connected to a power supply (Vec) and a terminal
onthe other side (right side of the diagram) is in common with
a terminal T21 of the basic pattern 605 on one side (left side
of'the diagram). A terminal T12 ofthe basic pattern 605 on the
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other side (right side of the diagram) is connected to a ground
(GND). The terminal T21 serves as the midpoint of the pat-
terns. The respective terminals are equivalent to pads.

Furthermore, in the example of FIG. 6 A, basic patterns 60c
and d as each further one repetition unit are disposed at
positions at a further interval of (L+%4)Am (wherein L is O or
a positive integer) from a respective one of the basic patterns
60a and b. The basic pattern 60c is corresponding to a pattern
obtained by vertically inverting the basic pattern 60a and the
part other than the wiring part is the same as the basic pattern
60a. That is, the pitch of the element arrangement in the
detecting element pattern and the harmonic canceling pattern
is the same between the basic patterns 60a and 60c. The basic
patterns and the terminals are connected by wiring (any of
[11,112, 121, and [.22).

These basic patterns 60c¢ and d are also disposed offset by
Am/2. Furthermore, the terminal T11 of the basic pattern 604
on one side of the movement direction (left side of the dia-
gram) is connected to the power supply (Vce) and a terminal
onthe other side (right side of the diagram) is in common with
a terminal T22 of the basic pattern 60c on one side (left side
of'the diagram). The terminal T12 of the basic pattern 60c¢ on
the other side (right side of the diagram) is connected to the
ground (GND). Furthermore, the terminal T22 serves as the
midpoint of the patterns. Therefore, this circuit forms a bridge
circuit shown in FIG. 6B as a whole.

However, the interval between the magnetoresistive ele-
ments is determined by the resolution capability of exposure
apparatus and photoresist used for forming the magnetoresis-
tive elements. From this viewpoint, it is preferable that the
interval between the magnetoresistive elements is at least 0.5
um substantially. Moreover, when the line width of the mag-
netoresistive element becomes small, there is concern that
breaking of the element due to static electricity is caused. On
the other hand, the spatial resolution of the sensor output is
lowered when the line width is too large. Therefore, it is
preferable that the interval is set in a range of 1 to 20 pm
substantially.

Therefore, in view of that, when the number of disposed
magnetoresistive elements becomes large, this interval can-
not be ensured and it becomes technically difficult to form the
elements in some cases, the magnetoresistive element, the
wiring part, and so forth may be connected through the via or
interlayer wiring and the plane of the magnetic sensor 20
opposed to the magnetic medium 10 (flat plane: XZ plane in
FIG. 1) may be made as multilayer planes (in the Y-axis
direction in FIG. 1). In this case, if it is impossible or difficult
to form a magnetoresistive element for reducing the same-
order harmonic in the same layer, it is formed at least in an
adjacent layer.

In the case of forming magnetoresistive elements in mul-
tiple layers in this manner, the magnetoresistive element for
reducing the same-order harmonic is formed in the same layer
if possible. In an example of FIG. 7, an example is shown in
which the respective magnetoresistive elements pertaining to
the detecting element pattern and the third-order and fifth-
order harmonic canceling patterns are disposed in the first
layer and magnetoresistive elements pertaining to the sev-
enth-order harmonic canceling patterns are disposed in the
second layer.

The thicknesses of the respective layers do not necessarily
need to be the same. However, it is preferable that the thick-
nesses are within a range in which the distribution of the
magnetic field from the magnetic medium 10 to the magne-
toresistive elements included in the respective layers can be
deemed to be equivalent, specifically are at such a degree as to
be smaller than 800 nm in film thickness. Furthermore, as for
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the lower limit, it is preferable that the thicknesses exceed e.g.
80 nm in film thickness as a thickness of such a degree that
electrostatic breakdown of the magnetoresistive element of
the first layer and the magnetoresistive element of the second
layer is not caused even when the interval between them in
plan view is shorter than a predetermined range. Here, the
film thickness refers to the distance from the surface of the
magnetoresistive element formed in the i-th layer to the bot-
tom of the (i+1)-th layer.

In an example of FIG. 8, the detecting element pattern and
the third-order and fifth-order harmonic canceling patterns
are disposed in the first layer. The seventh-order harmonic
canceling patterns are disposed in the second layer and the
eleventh-order harmonic canceling patterns are disposed in
the third layer and the fourth layer.

Also in the case of forming magnetoresistive elements in a
multilayer structure in this manner, the detecting element
pattern and the respective magnetoresistive elements are so
connected that the magnetoresistive elements are in series in
increasing order of the distance from this detecting element
pattern, in a meander manner by wiring passing through a
through-hole and so forth ranging across layers.

According to the encoder of the present embodiment, har-
monics are canceled as shown by the outline in FIGS. 9A, 9B,
9C, and 9D. Each of FIGS. 9A, 9B, 9C, and 9D is an outline
diagram representing the generation rate of harmonics (com-
position rates of harmonics included in the output signal). The
abscissa of FIGS. 9A, 9B, 9C, and 9D indicates the order of
the harmonic. In FIG. 9A, an example in which only the
detecting element pattern is disposed is shown. Furthermore,
FIG. 9B shows an example of the case in which a harmonic
canceling pattern to cancel the third-order harmonic is pro-
vided for the detecting element pattern. As shown in FIG. 9B,
components of multiples of 3 are reduced among harmonics
of odd-orders higher than the third order.

An example in which harmonic canceling patterns to can-
cel the third-order harmonic and the fifth-order harmonic are
further provided is shown in FIG. 9C. As is understood from
this example, the seventh-order harmonic is also somewhat
reduced although a pattern corresponding to the seventh order
is not provided. An example in which this is followed by
further provision of harmonic canceling patterns to cancel the
third-order, fifth-order, seventh-order, and eleventh-order
harmonics is shown in FIG. 9D. In this example, most har-
monic components up to the nineteenth order are smaller than
3%.

Furthermore, when the number of magnetoresistive ele-
ments disposed on one plane becomes large and it becomes
technically difficult to form the magnetoresistive elements,
instead of the configuration in which a multilayer structure is
made as described above, the method for disposing the mag-
netoresistive elements may be changed as follows. In an
example to be described below, in conjunction with providing
apattern (canceling pattern) to reduce a harmonic of a specific
order or instead of this, a pattern (reducing pattern) to reduce
harmonic components is provided.

Specifically, also as shown in FIGS. 9(¢) and (d), when a
harmonic canceling pattern to reduce a harmonic of a specific
order is provided, harmonics of orders different from this
specific order are also reduced. It is investigated how the
generation rates of harmonics change in the case of providing
a reducing pattern as follows in addition to providing the
harmonic canceling patterns to cancel the third-order and
fifth-order harmonics.

In the magnetic sensor 20 used here, the detecting element
pattern is disposed and a magnetoresistive element is dis-
posed at a position of Am/6 from the detection position C in
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this detecting element pattern toward the disposing side of the
relative movement direction. Furthermore, magnetoresistive
elements are disposed at a position of Am/10 and a position of
Am/6+Am/10 from the detection position C in this detecting
element pattern toward the disposing side of the relative
movement direction. Moreover, magnetoresistive elements
are each disposed at a position offset by Am/(2xx), wherein x
is an integer satisfying 5<x=19, from a respective one of these
four magnetoresistive elements toward the disposing side of
the relative movement direction.

How much the respective harmonics of the seventh order,
eleventh order, thirteenth order, seventeenth order, and nine-
teenth order are included in the output signal (the generation
rates of the harmonics of the fundamental) by the magnetic
sensor 20 obtained in this manner is shown in FIG. 10. In FIG.
10, (2xx) is plotted on the abscissa and the harmonic genera-
tion rate is plotted on the ordinate. In the example of FIG. 10,
it is read that, when x=6, the seventh-order harmonic is about
2% but the eleventh-order harmonic is included by about 9%.
Furthermore, it turns out that, in the case of x=7, the seventh-
order harmonic is reduced but the eleventh-order harmonic is
included by about 7%. On the other hand, when x=9 is set, the
generation rates of the respective harmonics of the seventh
order, eleventh order, thirteenth order, seventeenth order, and
nineteenth order all become lower than 5%. An example in
which the generation rates of the respective harmonics when
x is changed by every 0.2 in a range from x=8 to x=10 are
further investigated is shown in FIG. 11.

That is, in the present embodiment, the value of x with
which reduction by the desired rate can be achieved is
obtained from the generation rates of the harmonics of the
respective orders experimentally investigated in this manner.
Then, magnetoresistive elements are each disposed at a posi-
tion offset by Am/(2xx) from a respective one of the magne-
toresistive elements functioning as the detecting element pat-
tern and the harmonic canceling patterns toward the disposing
side of the relative movement direction.

For example, with reference to FIGS. 10 and 11, x=9 is
selected as x satisfying a condition that the generation rates of
the respective harmonics of the seventh order, eleventh order,
thirteenth order, seventeenth order, and nineteenth order are
all lower than 5% and the generation rate of the eleventh-
order harmonic is equal to or lower than 3%. In this case, one
example of the pattern (basic pattern) of the magnetic sensor
20 forms a meander shape as a whole as shown in FIG. 12.
Specifically, it includes the detecting element pattern includ-
ing the magnetoresistive element 51 extending along the
direction perpendicular to the movement direction, the har-

monic canceling patterns 52a, b, . . ., and reducing patterns
53a, b, . . . connected in series to this magnetoresistive ele-
ment 51.

Here, the harmonic canceling pattern is so configured as to
include (on the disposing side of the relative movement direc-
tion regarding all patterns to be shown below) the pattern for
canceling the third-order harmonic (harmonic canceling pat-
tern 52a at a position of Am/6 from the detection position C),
the harmonic canceling patterns 526 and ¢ disposed at a
position of Am/10 from the detection position C and a position
of Am/10 from the harmonic canceling pattern 52a, respec-
tively, in order to cancel the fifth-order harmonic, and four
magnetoresistive elements as the reducing patterns 53q, b, ¢,
and d each disposed at a position to cancel the ninth-order
harmonic from a respective one of the detection position C
and the harmonic canceling patterns 52a, b, and c.

Furthermore, description will be made with reference to
FIGS. 13 and 14 about an example in which the harmonic
canceling patterns to cancel the harmonics of the third order,
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fifth order, and seventh order are provided and, for the har-
monics of orders higher than them, reducing patterns to
reduce them are disposed. Here, as the magnetic sensor 20,
the detecting element pattern is disposed and a magnetoresis-
tive element is disposed at a position of Am/6 from the detec-
tion position C in this detecting element pattern toward the
disposing side of the relative movement direction. Further-
more, magnetoresistive elements are disposed at the respec-
tive positions of Am/10 and Am/14, the respective positions of
Am/6+Am/10 and Am/6+Am/14, and the respective positions
of Am/10+Am/14 and Am/6+Am/10+m/14 from the detec-
tion position C in this detecting element pattern toward the
disposing side of the relative movement direction. Moreover,
magnetoresistive elements are each disposed at a position
offset by Am/(2xx), wherein x is an integer satisfying
7<x=<19, from a respective one of these eight magnetoresis-
tive elements toward the disposing side of the relative move-
ment direction.

Furthermore, an example in which the generation rates of
harmonics of the eleventh order and higher orders are inves-
tigated with variation in this x is shown in FIG. 13A or FIG.
13B. FIG. 13A shows an example in which the generation
rates are investigated with variation in X one by one about the
respective values from x=8 to x=19. An example in which it is
determined from this example that the optimum value of x is
present in a range from x=11 to x=13 and the generation rates
are investigated more finely in this range from x=11 to x=13
is shown in FIG. 13B. From FIG. 13B, x=11.8 is selected as
the value of x with which harmonics of comparatively low
orders become smaller. In this example of the present
embodiment, the value of x may be a non-integer.

In the case of providing the harmonic canceling patterns to
cancel the harmonics of the third order, fifth order, and sev-
enth order and, for the harmonics of orders higher than them,
disposing the reducing patterns to reduce them, x=11.8 (i.e.
2x=23.6) is set. Thus, as shown by an example of the basic
pattern in FIG. 14, as the magnetic sensor 20, the detecting
element pattern is disposed and magnetoresistive elements
are disposed at the following positions.

(1) a position of Am/6 from the detection position C in this
detecting element pattern toward the disposing side of the
relative movement direction,

(2) the respective positions of Am/10 and Am/14, the respec-
tive positions of Am/6+Am/10 and Am/6+Am/14, and the
respective positions of Am/10+Am/14 and 2im/6+Am/10
Am/14 from the detection position C in this detecting element
pattern toward the disposing side of the relative movement
direction, and

(3) the respective positions of Am/23.6, Am/6+Am/23.6,
Am/10+Am/23.6, A/14 Am/23.6, Am/6+Am/10+Am/23.6,
A/6+Am/14 Am/23.6, Am/10+Am/14+Am/23.6, and Am/6+
Am/10+Am/14+hm/23.6 from the detection position C in this
detecting element pattern toward the disposing side of the
relative movement direction.

In the example so far, it is assumed that the magnetoresis-
tive element is a spin-valve type. However, the present
embodiment is not limited thereto and it may be an AMR
element and a multilayer GMR element. In these cases, with
consideration for the relationship between Am and As, posi-
tions obtained by multiplying the respective positions
described in the embodiment by 2 are employed.

An encoder of the present embodiment is an encoder
including a magnetic medium and a magnetic sensor that is
opposed to the magnetic medium with the intermediary of a
gap and moves relative to the magnetic medium, wherein

the magnetic medium is magnetized in the direction of the
relative movement at a pitch Am,
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the magnetic sensor includes a plurality of magnetoresis-
tive elements whose electrical resistance value changes
depending on a magnetic field at a place where the magne-
toresistive element is disposed, and

a position where the magnetoresistive element is disposed
is defined as a reference position and, in addition to the
magnetoresistive element of the reference position, the mag-
netoresistive elements as harmonic reducing patterns are dis-
posed at the following positions, with P(n) defined as an n-th
prime, wherein n is a natural number,

aposition offsetby Am/(2-P(n)) from the reference position

toward at least one side of the direction of the relative
movement in plan view, wherein Nzn>1 and N is a
natural number satisfying N>3, and

a position further offset by Am/(2-P(L.+1)) from a position

offset by Am/(2-P(L)) from the reference position
toward at least the one side of the direction of the relative
movement in plan view, wherein P(L) is an L-th prime
and L is a natural number satisfying 1<[L.<N.

Here, the magnetoresistive elements as the harmonic
reducing patterns may be disposed at the following positions,

aposition offset by Am/(2-P(2))=hm/6 and a position offset

by Am/(2-P(3))=hm/10 from the reference position
toward the one side in plan view, and

aposition further offset by Am/(2-P(2+1))=Am/10 from the

position offset by Am/(2-P(2))=hm/6 from the reference
position toward at least the one side of the direction of
the relative movement in plan view.

Moreover, part of the magnetoresistive elements as the
harmonic reducing patterns may be disposed in a layer dif-
ferent from a layer of the magnetoresistive element of the
reference position in a plane opposed to the magnetic
medium.

Furthermore, an encoder according to one aspect of the
present embodiment is an encoder including a magnetic
medium and a magnetic sensor that is opposed to the mag-
netic medium with the intermediary of a gap and moves
relative to the magnetic medium, wherein

the magnetic medium is magnetized in the direction of the
relative movement at a pitch Am,

the magnetic sensor includes a plurality of magnetoresis-
tive elements whose electrical resistance value changes
depending on a magnetic field at a place where the magne-
toresistive element is disposed,

a position where the magnetoresistive element is disposed
is defined as a reference position and, in addition to the
magnetoresistive element of the reference position, the mag-
netoresistive elements as harmonic reducing patterns are dis-
posed at the following positions, with P(n) defined as an n-th
prime, wherein n is a natural number,

aposition offsetby Am/(2-P(n)) from the reference position

toward at least one side of the direction of the relative
movement in plan view, wherein Nzn>1 and N is a
natural number satisfying N>2, and

a position further offset by Am/(2-P(L.+1)) from a position

offset by Am/(2-P(L)) from the reference position
toward at least the one side of the direction of the relative
movement in plan view, wherein P(L) is an L-th prime
and L is a natural number satisfying 1<[.<N, and

x satisfying P(N+1)<x and x=P(k), wherein k is a natural
number satistying 1<k, is set and the magnetoresistive ele-
ments as the harmonic reducing patterns are disposed at the
following positions,

a position offset by Am/(2x) from the reference position

toward at least the one side of the direction of the relative
movement in plan view, and
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aposition further offset by Am/(2x) from the position offset
by Am/(2-P(L))), wherein 1<L.<N, from the reference
position toward at least the one side of the direction of
the relative movement in plan view.

Here, the magnetoresistive elements as the harmonic

reducing patterns may be disposed at the following positions,

aposition offset by Am/(2-P(2))=Am/6 and a position offset

by Am/(2-P(3))=hm/10 from the reference position
toward the one side in plan view, and

aposition further offset by Am/(2-P(2+1))=km/10 from the
position offset by Am/(2-P(2))=hm/6 from the reference
position toward at least the one side of the direction of
the relative movement in plan view, and

x satisfying 5<x and x=P(k), wherein k is a natural number

satisfying 1<k, may be set and the magnetoresistive elements
as the harmonic reducing patterns may be disposed at the
following positions,

a position offset by Am/(2x) from the reference position
toward at least the one side of the direction of the relative
movement in plan view,

aposition further offset by Am/(2x) from the position offset
by Am/(2-P(2))=hAm/6 from the reference position
toward at least the one side of the direction of the relative
movement in plan view,

aposition further offset by Am/(2x) from the position offset
by Am/(2-P(3))=hm/10 from the reference position
toward at least the one side of the direction of the relative
movement in plan view, and

aposition further offset by Am/(2x) from the position offset
by Am/(2-P(2))=hm/6 and Am/(2-P(3))=Am/10 from the
reference position toward at least the one side of the
direction of the relative movement in plan view.

EXPLANATION OF REFERENCE NUMERALS

10 Magnetic medium,

20 Magnetic sensor,

11 Magnetic medium element,
21 Base,

22 Magneto-sensitive element,
31 Pinned layer,

32 Non-magnetic intermediate layer,
33 Free layer,

34 Protective layer,

51 Magnetoresistive element,
52 Harmonic canceling pattern,
53 Harmonic reducing pattern,
60 Basic pattern

The invention claimed is:

1. An encoder including a magnetic medium and a mag-
netic sensor that is opposed to the magnetic medium with
intermediary of a gap and moves relative to the magnetic
medium, wherein

the magnetic medium is magnetized in direction of the

relative movement at a pitch Am,

the magnetic sensor includes a plurality of magnetoresis-

tive elements whose electrical resistance value changes
depending on a magnetic field at a place where each
magnetoresistive element is disposed, and

a position where a first magnetoresistive element is dis-

posed is defined as a reference position and, in addition
to the first magnetoresistive element of the reference
position, second magnetoresistive elements as harmonic
reducing patterns are disposed at following positions,
with P(n) defined as an n-th prime, wherein n is a natural
number,
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aposition offsetby Am/(2-P(n)) from the reference position
toward at least one side of the direction of the relative
movement in plan view, wherein Nzn>1 and N is a
natural number satisfying N>3,

a position further offset by Am/(2-P(L.+1)) from a position
offset by Am/(2-P(L)) from the reference position
toward at least the one side of the direction of the relative
movement in plan view, wherein P(L) is an L-th prime
and L is a natural number satisfying 1<[L.<N,

aposition offset by Am/(2-P(2))=hm/6, a position offset by
Am/(2-P(3))=hm/10, and a position offset by Am/(2-P
(4))=hm/14 from the reference position toward the one
side in plan view,

aposition further offset by Am/(2-P(2+1))=Am/10 from the
position offset by Am/(2-P(2))=hm/6 from the reference
position toward at least the one side of the direction of
the relative movement in plan view, and a position fur-
ther offset by Am/(2-P(3+1))=Am/14 from the position
offset by Am/(2-P(2))=Am/6 toward said one side of the
direction, and

aposition further offset by Am/(2-P(3+1))=Am/14 from the
position offset by Am/(2-P(3))=Am/10 from the refer-
ence position toward said one side of the direction of the
relative movement in plan view.

2. The encoder according to claim 1, wherein

part of the second magnetoresistive elements as the har-
monic reducing patterns is disposed in a layer different
from a layer of the first magnetoresistive element of the
reference position in a plane opposed to the magnetic
medium.

3. An encoder including a magnetic medium and a mag-

netic sensor that is opposed to the magnetic medium with
intermediary of a gap and moves relative to the magnetic
medium, wherein

the magnetic medium is magnetized in direction of the
relative movement at a pitch Am,

the magnetic sensor includes a plurality of magnetoresis-
tive elements whose electrical resistance value changes
depending on a magnetic field at a place where each
magnetoresistive element is disposed,

a position where a first magnetoresistive element is dis-
posed is defined as a reference position and, in addition
to the first magnetoresistive element of the reference
position, second magnetoresistive elements as harmonic
reducing patterns are disposed at following positions,
with P(n) defined as an n-th prime, wherein n is a natural
number,

aposition offsetby Am/(2-P(n)) from the reference position
toward at least one side of the direction of the relative
movement in plan view, wherein Nzn>1 and N is a
natural number satisfying N>2, and

a position further offset by Am/(2-P(L.+1)) from a position
offset by Am/(2-P(L)) from the reference position
toward at least the one side of the direction of the relative
movement in plan view, wherein P(L) is an L-th prime
and L is a natural number satisfying 1<[.<N, and

x satisfying P(N+1)<x and x=P(k), wherein k is a natural
number satisfying 1<k, is set and the second magnetore-
sistive elements as the harmonic reducing patterns are
disposed at following positions,

a position offset by Am/(2x) from the reference position
toward at least the one side of the direction of the relative
movement in plan view, and

aposition further offset by Am/(2x) from the position offset
by Am/(2-P(L.)), wherein 1<L.<N, from the reference
position toward at least the one side of the direction of
the relative movement in plan view.
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4. The encoder according to claim 3, wherein
the second magnetoresistive elements as the harmonic
reducing patterns are disposed at following positions,

aposition offset by Am/(2-P(2))=Am/6 and a position offset
by Am/(2-P(3))=hm/10 from the reference position
toward the one side in plan view, and

aposition further offset by Am/(2-P(2+1))=Am/10 from the
position offset by Am/(2-P(2))=hm/6 from the reference

5

position toward at least the one side of the direction of 10

the relative movement in plan view, and

x satisfying 5<x and x=P(k), wherein k is a natural number
satisfying 1<k, is set and the d magnetoresistive ele-
ments as the harmonic reducing patterns are disposed at
following positions,

a position offset by Am/(2x) from the reference position
toward at least the one side of the direction of the relative
movement in plan view,
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aposition further offset by Am/(2x) from the position offset
by Am/(2-P(2))=hAm/6 from the reference position
toward at least the one side of the direction of the relative
movement in plan view,

aposition further offset by Am/(2x) from the position offset
by Am/(2-P(3))=hm/10 from the reference position
toward at least the one side of the direction of the relative
movement in plan view, and

aposition further offset by Am/(2x) from the position offset
by Am/(2-P(2))=hm/6 and Am/(2-P(3))=Am/10 from the
reference position toward at least the one side of the
direction of the relative movement in plan view.

5. The encoder according to claim 1, wherein

part of the second magnetoresistive elements as the har-
monic reducing patterns is disposed in a layer different
from a layer of the first magnetoresistive element of the
reference position in a plane opposed to the magnetic
medium.



